This study analyzes the sensitivities parameters for a reliable asset evaluation, through response-surface monte-carlo simulation. The developed model yields more reliable asset evaluation integrating contractual terms, oil price changes, and production-decline estimation and distinguishes the significance of each variable. The uncertainty explains the larger range of the response. The sensitive variables in stochastic price models to net present value are drift in GBM (Geometric Brownian Motion), equilibrium price in MR (Mean Reversion), and maximum price in MRJ (Mean Reversion with Jumps). Reserves and average oil price influence significantly the cash-flow under fixed contractual terms.
INTRODUCTION
Uncertainty quantification is essential to carry out a reliable economic evaluation on the acquisition and divestiture of petroleum property since a lot of factors are uncertain related to reserves, production rates, market conditions and so forth. As the body of knowledge established regarding asset characteristics, a few uncertainties could be reduced but never removed completely. To make the matter worse, from the buyer's standpoint, in a different way to the seller's, it has been more difficult to control these uncertainties to improve the accuracy of the evaluations. As investors are unable to eliminate these complex uncertainties, it is necessary to quantify them for making better decisions and allocating the operator's capital with increased efficiency (Olsen et al., 2005) .
The representative uncertainties affecting an asset evaluation of a producing oilfield would fall into two divisions relevant to revenues: production rate and commodity price. It is difficult to predict their actual profiles so that they remain uncertain over the lifetime of reservoir. Allocating production volumes is a complex optimization problem, each producing asset possesses different technical attributes, facility, costs, and contract constraints (Dejean and Blanc, 1999; Schiozer et al., 2008; Park et al., 2009; Bukhari and Jablonowski, 2012) . On the other hand, the typical law of supply and demand fails to explain the changes of oil price due to abnormal events (e.g. war and international financial crisis) and oligopolistic characteristics. The demonstration of price uncertainty follows a nondeterministic process classified into three models: GBM (Geometric Brownian Motion), MR (Mean Reversion Motion), and MRJ (Mean Reversion with Jumps). GBM is widely used in financial economics to model variables such as stock prices. MR includes economic logic of recognizing market forces to converge the equilibrium and MRJ captures the abnormal events that MR tends to ignore (Zhou and Yan, 2010) . Pindyck (1999) argued MR was better than GBM based on the historical trajectory of oil price. Zhou and Yan (2010) compared MR and MRJ, and concluded MRJ in some cases could induce better corporate decisions. Begg and Smit (2007) implemented stochastic price models and investigated the impact of model choice and the parameter uncertainty for a typical development decision. However, the selection of suitable price models has been a highly controversial subject (Laughton, 2003; Pelet, 2003; Al-Harthy, 2007; Begg and Smit, 2007; Zhou and Yan, 2010) .
In addition, contractual terms can affect the asset value. The mineral owner acts to make the fiscal terms worse for participants, as a result of which the developers do not achieve a significant return and an accurate estimation for decision making. Park et al. (2009) discussed the non-proportionality between reserves and internal rate of return under a production sharing contract. Wang et al. (2010) analyzed impacts of contractual elements and showed the more significance of income tax and oil profit than the royalty and oil cost. Ravagnani et al. (2012) carried out comparative analysis of the fiscal regime under royalty & tax concessionary and production sharing contract using oil discoveries in pre-salt areas of Brazil. They showed that the government's take in production sharing contract than that of the other was more likely because the production sharing contract is more interesting from the government's viewpoint.
To achieve the quantification of these various uncertainties, it requires a fullintegration of all available data from market, contract, and technical sources having different scales. Monte-carlo simulation has been widely used to integrate the statistical distributions of input variables and to propagate uncertainty in input parameters through a performance model (Komlosi, 2001; Hultzch et al., 2008) .
The objective of this study is to develop a reliable methodology for an asset valuation plus a sensitivity analysis for the producing oilfield, by means of a responsesurface monte-carlo simulation. The evaluation method is discounted cash-flow coupled with the statistical distributions of uncertain input parameters. The fiscal terms are in production sharing contract including various contractual keynotes. Response-surface methodology is used to examine the significant parameters affecting stochastic oil prices and asset value, and to test their significances based on Tdistribution. Begg and Smit (2007) summarized the characteristics of oil prices as follows: high volatility, occasional price jumps beyond "typical" fluctuations, almost normal distribution of percent annual changes, and tendency to revert to a long term mean. To demonstrate these features, consequently, stochastic processes (i.e. GBM, MR, and MRJ in this study) represent how price evolves through time in a probability function.
THEORETICAL BACKGROUND 2.1. Stochastic approaches to predict oil prices
GBM assumes that price changes from one time to the next are independent of each other and that at any point in time, the probability distribution for price is log-normal with its variance increasing as time passes (Al-Harthy, 2007; Begg and Smit, 2007) .
Eq. 1 describes GBM in terms of the annual relative price change ( ):
( 1) In Eq. 1, P is current oil price and dP is the change in price. dt represents the time step and where N(0,1)refers to Wiener process, the random value extracted from the standard normal distribution. The drift (α) represents the trend of oil price. If α > 0, the direction of changing trend is positive. The volatility (σ) is the variance of the log-normal price distribution.
MR starts from the dependence of oil prices. The oil price tends to be continually pulled towards a long-term equilibrium, which makes sense with oligopolistic market conditions. Eq. 2 is mathematical process of MR:
(2) Instead of the drift as shown in Eq. 1 and 2, MR introduced the long-term oil price (P -) and the reversion speed (η) at which the price tends to revert to P -. η = 0 corresponds to a simple Brownian motion that follows a random work. When η = 0.5, makes only small and short-lived excursions away from P - (Dixit and Pindyck, 1994) .
MRJ is an extension of MR by considering the normal mean reversion along with the large fluctuation in the form of jumps that are rare (Dias and Rocha, 1998; Park et al., 2009; see Eq. 3) . (3) where dq represents the jump effect consisted of a frequency and a size of jump.
Accessing uncertainties using response-surface monte-carlo simulation
The goal of sensitivity analysis is to identify the most influential factors and quantify their effects. Response surfaces facilitate uncertainty analysis, parameter estimation, and optimization (White and Royer, 2003) . Response-surface monte-carlo simulation is the integrated form of response-surface methodology for sensitivity analysis and monte-carlo simulation for the statistical characterization of uncertain parameters. A response surface methodology is an empirical fit of experimental or computed responses. The model is usually a polynomial fit. The coefficients (β i ) represent the factor effects and the interactions as shown in Eq. 4 and 5: (4) (5) where y is the expected value of response and ε is constant. x 1 , x 2 ,···, and x k are the input parameters normalized between -1 and 1. Eq. 5 could examine the accompanying effect of input parameters when their correlation is established (Dejean and Blanc, 1999) .
Monte-carlo simulation is a process of sampling from the probability function representing the real performance. Each statistical probability function is assumed according to input parameter and one sample from the distribution.
METHODOLOGY
The target oilfield is onshore and its reservoir depth is around 5,000m. Gas to oil ratio was small so that the profit from gas could be negligible. The oil production has already arrived at the decline stage since the year 2000. To enhance the productivity, several multi-stage-fractured wells have been drilled and also work-over was conducted. The oilfield would cost well-related expenditures, 203.43 $MM (million dollars) and the operational expenditure, 3.35 $/bbl (dollar per barrel). The developer's interest is 100% under production sharing contract. The royalty interest is 10% and the ceiling of cost recovery is 40%. The profit sharing with the government follows a sliding-scale rule. Income tax would be 40%. Table 1 summarizes the details in a production sharing contract.
The flow of asset evaluation using the response-surface monte-carlo simulation is as follows: (1) Using stochastic profiles of oil price, the discount cash-flow model is constructed under production sharing contract. As response, net present value discounted 10% p.a. is observed. (2) Repeat 5,000 trials for each production scenario so that total 15,000 realizations are done. (3) Response-surface using Eq. 4 determines the parameters' sensitivities. Its applicability is validated comparing with the typical scheme based on correlation coefficients. (4) Significant test based on T-distribution performs answer to 99% confidence level (Shaw, 2006) .
3.1. Technical uncertainty: the estimation of production rate using decline curve analysis The actual production values from 2010 to 2011 are used. The prediction period for production rate is 26 years from 2013 to 2038. Three decline curves generate each production scenarios following exponential, hyperbolic, and harmonic function as described in Eq. 6 (Arps and Member, 1945) : (6) In Eq. 6, q(t) is the production rate at time t and q i is the initial production rate in the decline zone. D is the decline rate and b represents the decline exponent. Figure 1 illustrates three future production profiles estimated. Table 2 shows the reserves and the cumulative expenditure according to each scenario. Table 2 . Reserves and cost with respect to each production scenario. Table 3 shows the uncertain parameters and their statistical distributions needed to estimate oil prices. The upper limit of oil price, that is to say, the maximum price selects uniformly between 180 $/bbl and 230 $/bbl for each run. GBM requires the volatility (σ) and the drift (α). The mean volatility is 0.249 using the historical Brentprice changes from 1992 to 2012. The estimating scheme is logarithmic cash-flow returns approach (Kodukula and Papudesu, 2006) . The average of drift (α) can be calculated by α = E(1nP t -1nP t-1 ) + 0.5σ 2 (Begg and Smit, 2007) and it gives a little statistical range to show different changing trends.
Market uncertainty: the estimation of oil prices using stochastic processes
In addition, MR needs a long-term equilibrium price (P -) and the reversion speed (η). The distribution of P -could be obtain from various projections (EIA, 2012) while η assumes between 0.09 and 0.25 from the literatures (Al-Harthy, 2007; Begg and Smit, 2007) . In the case of MRJ, it is necessary to set the jump size (dq) and the jump Figure 1 . Three production scenarios estimated by typical decline-curve approaches. frequency (λ). The consideration of jumps is much uncertain but this work follows the assumption of Pelet (2003) . The jump occurs only at λ < U(0,1) where U(0,1) is a random value from uniform distribution between 0 and 1. Eq. 7 describes the jump size.
Where It has the same change of being up or down because each cumulative probability is 0.5 (Pelet, 2003; Park et al., 2009 ). Figure 2 illustrates the price changes generated by three stochastic models and shows its own characteristics such as reversion to equilibrium value and irregular jumps. Table 4 summarizes the statistical result with respect to each model. NPV@10% (Net Present Value discounted 10% p.a.) is observed as the response to examine the effects of selecting stochastic price model and production scenario. As depicted in Figure 3 , NPV@10% shows various ranges in accordance with pricemodel selection even though restricted to production scenario 2. In other scenarios, their results are similar. Figure 4 is the comparison of the box plot with regard to price models and production scenarios. The observation of NPV@10% shows that more uncertain parameters in price model induce a large degree of uncertainty in the resultant responses. The production scenarios influence to the response is difficult to distinguish one another. It is why they have similar level of uncertainty on calculating the production rates using decline-curves. In Eq. 6, the decline rate (D) governs the individual trend of production scenario and in the case of scenario 2, this work sets the fixed value of decline exponent(b) unlike the others. But, both of them are fixed and certain not to affect the responses' distribution, significantly. On the other hand, at the viewpoint of price models, the trend confirms the uncertainty results in the larger the statistical range. MRJ involves more uncertain variables than the others (e.g. intermittent jumps) so that its outliers are more and the inter-quartile range (i.e. the distance from P75 to P25) is wider. The applicability of response surface methodology on sensitivity analysis is examined comparing the tornado diagram of correlation coefficient ( Figure 5 ). Figure  5 confirms the usefulness of response surface methodology by showing similar results based on correlation coefficient. The most sensitive parameter is the drift in GBM, the equilibrium oil price in MR, and the maximum price in MRJ, respectively. The significant test distinguishes the parameter's effectiveness. The volatility and the reversion speed influence NPV@10% in the negative direction but do not affect the response, significantly, in this work. Compared with the significance, the directivity of input parameters related to the response shows more definite trend. The drift, the longterm equilibrium, and the maximum limit could affect the asset value in the positive direction over significant level which could play a key role to make an over-estimation of asset value. Figure 6 shows the impact of reserves and average oil price to the economic values. Both are placed at the bigger point compared with the significant level to confirm their decisive influence. The discount rate would reduce the future value as well as the variation of revenue. This effect could reduce the coefficients of response-surface polynomial function.
RESULTS AND DISCUSSION
The significance depends on the parameter properties such as the range, the distribution, the interrelationship among input variables, etc. The proper determination of the statistical distribution mimicking an actual phenomenon is still challengeable on running monte-carlo simulation. Even though the historical data have been based, it would explain the generalized market trend but could ignore the impact of individual Figure 4 . Box plot of net present value discounted 10% p.a. with respect to stochastic price models and production scenarios.
asset characteristics at the technical area. To draw more concrete conclusion of sensitivity determination, more data should be studied case by case. Response-surface monte-carlo simulation can be easy applicable to integrate the different-scale properties and examine the parameter's significance based on a polynomial regression. The response-surface is not the true relation between the response and the parameters so that its performance could reduce when the response does not vary.
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Uncertainty quantification of an asset evaluation for an oilfield property incorporating response-surface monte-carlo simulation with stochastic oil price models (a) (b) Figure 5 . Performance comparison of sensitivity analysis using tornado diagram of (a) correlation coefficient and (b) response surface methodology.
(a)
(c) Figure 6 . Sensitivity analysis to determine the effect of reserves and average oil price on several economic values: (a) net present value discounted 10% p.a., (b) undiscounted net revenue, and (c) net revenue discounted 10% p.a.
CONCLUTIONS
This paper draws the reliable process for asset evaluation considering the realistic assessment of uncertainty related to market and technical area, and distinguishes the influence of the parameters affecting the asset value. The sensitive parameters in stochastic price models to net present value was the drift in GBM, equilibrium price in MR, and maximum price in MRJ. Reserves and average oil price influence the cashflow under production sharing contract. The developed scheme was able to explain the uncertainty level with respect to the statistical range of the response, and was helpful to derive the feasible solutions and the risk required to decision-making under uncertainty.
